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1.0 Iirelucllon

ls repert presents a summary of the work accomplished during the period Octcber
T.rough Decerber 1004 on the study of the ultra-high vacuum frictional-adhesional

tenavior of silicates as related to the lunar surface.

The purpose of tlis program and the approach used have been detailed in the pree
vious cuarterly report. Basically, the purpose\is to obtain data relating to
the possible behavior of silicates at the lunar surface and to determine tre
¢ogree to wnich this behavior can pose problems to lunar surface operacions. The

approach bein; used is to obtaln quantitative data relating to silicate vacuum

by

riction-acresion tnrough the use of "single crystal"” samples of the various
caranon silicatve minerals, and through careful experimental controls. With this
epproach it Is hoped that a basic understanding of the physics of silicate be-

ravior in vacuuz can be obtained.

i arr v
2.C DIDJUICION
Il
| Yooy [
2.1 Vacum Cysten

in the rrevious guarterly report it was noted that some guestions rercained as to
wiether with the microbalance in the system it would be possivle to attain pressures
. ~ - - ,-\-lo [ ’ . . P P W- )

in vne “ow 10 m Lg range. This question has now been answered in tre affirca-
tive. . nuber of puzplowns nave been made and in all cases the hoped for low
pressure was achieved. With gredual increase in system cleanliness, throush use,

it may te possible to achieve even lower pressures.

=~

Zhe ccomercial barxeable valve (separating the low and high vacuum parts of the

system) has proved to be a continuing problem with regard to leakage. Only



coeesionally can a satisiactory closure be made. The valve is closed by forcing
Se into an indiun gasxket. The depth ol penetration of the knife edge

15 controlled by a 3lip cluten on the valve harndle. After a certain nuanber of
closwxes the handle recaches a stop. According to the manufacturer,the Indium seat
can then be reformed for further use by application of a suiteble amount of heat
tc the outside of the valve. Attempts to improve the valve perforrarce by reform-
nz the casket have proven unsuccessful. The manufacturer has recam.ended use of
a reflow heater he has developed especially for the valve. We have purchased one
of these end will try it. If this does not work we will again contact the
manuwlacturer. To circumvent the problem so that work can contirue, we have changed
t0o pinchoff techniques. These have proven moderately successful and have allowed

ihe cesired dejree of vacuum to be obtaired.

Cre adéitioral vacuum problem arose with regard to use of the high temperature

somple outgassing heater. This heater raises the samples to temperatures in the
C el e o) - .

neighborncod ol 70C-800°C. As noted in the previous report it is outside tnx

vaecuws system and sample heating is accomplished by conduction through the chamber

wall {see Fijure 1). To protect the heater from excessive corrosion during

pressure to an intolerably high level. This problem has been overcome by removing

welds #1 and 72 through the use of a single machined piece.

cur ediitional electrical feedthrus have been installed in the system. These are
veing used to obtain better monitoring of internal temperastures, utilizing thermo-

couyples.
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2.2 ‘Tne Microwalarnce

In the previous quarterly report it was noted that difficuliies were leing experi-
enced in Xeeping the microbelance zeroed, and that to covercome this diflTiculiy a
low melting point counterweisiit was being tried (the unbalance was found to te in
Le dircction of a decrease in sample weight, so thet by suitavle application of
Leat to the cowterweisnt, rebalancing might be obtained). This technique was
Tound to work fairly well, but required an excessive amount of time. It was
decided to avoid thils provlem by utilizing multiple zero lines so that even should
arift occur & zero relercnce lire could be found. Theoretically, this naxes no
difference to the valance calibration. However, in practice sane sxmall error may
ve involived. This has veen checxed and it has been found that for the actually
small amount of érilt ncted any error present is negligible at the present balance
sensitivity.
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Silicute achesion has been detected. The data obtained to date are sh in Table
Z. _irce provlems are sssociated with these results. First, for Runs 1-2, tle
micrctalance zero problem had not as yet been resolved. lience, the possitility

stz that scze over-contact of the sanples occurred, even thoush great care wes

(@8

ex
talen o aveid this, and therefore the numerical values ovtained may in this sense
te tco high. Second, as noted previcusly, the high temperature sample cutgnssing
wzs cInprenised due to the cdevelopment of a leak. This not only prevented the
desired pressure {ram being atfained, but also negated the efiectiveness of the

=G
oleaninz procedure (it took one day to attain 10 7 Hg. after tie heating anc

incivertent admission of helium to the system). This problem has subscquently veen
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eliminated. Xirally, come degree of vibration was rresent durlng all measure-
zeris. Uhis was sufficient to invalicdate all attempts to measure achesion alter
tpplication of lcad, and to significantly decrease the confidence which can ‘e
Placed upon the numerical velues obtalned under zero laad. Dctails of the vibrao-
tion problem and the techniques used to eliminate it are discussed in a following
scction.

A Jew prelinminary conments carn be made about the data. rirst, the detection of
aillesion forces was definite, when separation occurred it was indicated clearly
Ty &n adrupt movement of the microbalance pointer. Also, the sudden parting of

tre surluces was visible by direct observation withh o cathetomeser. Second, th

.

~
o

data provide scme indicaticn of a crystalline orientation sersitiv ty. This
by no meens conclusive as yet, but i real, provides an imporiunt clue as to the
rature of the Torces acting (dGiscrimiration between the varicus Torces which could
act 1s discussed in the Tollowing section). Finally, the inability <o Jdetect
adresion Iorces in dry nitrogen {at atmospheric pressure) enc at 1 -3 ione In-
dicates strongly that the adhesion forces acting at UnV are not due to Liomogerneous
restatic surface charging. Additional evidence ia this regard has been given
Ly altenpts, toth in vacuum and dry nitrogen, to detéct any attractive (or repulsive)

Torces tetween the samples as they were slowly brought toward contact. o forces

werc cetected.

2.2.2 Discrimination of Type of Forces Acting

f

Je primary bindings 1n the silicates are of the lonic-covalent type (e.g. inter-
mcdiate tetween the ionic and covalent extremes). The nature and behavior of these

N

conds Leve been discussed in the previous quarterly report.




Inonddition o tacce, there are forces such as the London ~ Van der Weels ernd

surface electrostatlic wailch thousn playing no simmiflicant role in silicate oord-

.

inz can be ol importance to investizations of silicate surface adhesiorn.

Yarper (1953) has shown that the contacting of quartz surfaces produces surface
electrostavic charses. Thls can result in a net positive or negative charge.

n gerercl, these charges produce long ranjge forces so that if sufficient charg-

ing occurs,deteciable (by the techniques used in the present experiment) atiraciion
cr repulsion can be present, even when the surfaces are not in contact. Ve shall
orth cell this phorcmeron "hemoseneous” surflace charging as did -Overbeek

bAoA 5L Aroth « . et e . A A " . W IR L
arc Cparnaey (195L). Ancirer type ol swurface crarging, denoted as 'mosalce charging
cen postulited vy Derdaguin (1954). licre the net surlace charge may be zero

& VA2 &) 1+ ’

tul pesitive ond nejative charge centers are distributed over tlie surfaces. This

sype of charge di

[ 4]

trivution wouwld resull in short range adhnesive Forces. Thouzgh
chere Iis no coupletely convincing evidence as to the existence of mosaic cnarzing,
!

rarticularly Jor single mineral samples, this must be considered a possible source

of adresive fcrce in the present study.

Zie Londin - Van der Vaals forces can contribute significantly to silicate adnesion,
as evicenced by the worik of Bradley (1932), Lowe and Lucas (1$53), Jorcan (155L),
and erjasuin et el (193L). Though tiese forces, between two atoms, are quit

small end decrcase in strength rapidly with atomic separation, they are additive

in 501id specimens can provide detectable (at least by the technigque

uced in vhe present experiment) adhesion. Also of importance is that in solids
tney ere of relatively long range eflrectiveness, at least as campared to the effec-

Tive raenge of the ionic-covalent forces.



I% is ¢ interest to consider itne metnods by which the nature of the meesured

achesioncl rorces nay te determined. The following techniques are available

A. Studies in dry nitrogen or with the inert gases at atmospheric pressure;

elso studies at moderaie vacuun

3. Studies relating to evidence of surface damage produced by adhesion
[ (=)

+

C. Ctudies relating to the effects of crystalline orientation (for given faces

in contact) upon the adhesion force
D. Ltudies relating to the lcad dependence of the adhesion
L. Studies relating to the temperature dependence of the adhes;on
F. Otudies relatving to the mineral cepencdence of the adhesion

G. 3Studies relating to surface preparation (roughness)

For Techrique A, experience has shown that the short range ionic-covalent Torces
ernerally elJective at these pressures. lence, only surface electro-
atic Torces cr London Van der Waals forces may de detectuable, Sﬁould adnesicn
ce detected in UV but not under the conditions of Technigue A, this provides
sircrs evidence that hamogeneous surface electrostatic changing is not plaving a
cirnillcant role in the adhesion. It also provides same evicence azzinst the
eflectliveress of tihe London - Van cder wWwalls and mosaic forces.

Tecunicu2 3 is ore of the most Importent for determining whether or not the
Ionic-covalent forces have been brought into play. If evidence of surface dis-

rurticn (plastic defcrmation and rupture ratier than simple fracturing) after

b

conta

(

% s ouserved, the evideace that the normal bonding forces of the silicate

lettice were acting tecames overwhelning, since none of the other forces are

w
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ntly sirong.  Untortunstely sach eflcebs among the siiicates zmay b

difficult to Observe Gue to the pgeneral silicate hardress and hizhly clastic be-

Py

aluable orne. Electrostatlic forces, whether uniform or

™
<
o
ig!
“
“

Lechnicee C s
mesnlic,shodld not in ceneral be affectied by crystallire oricitution, particularly
given crysial face. This is even more true for the Lordorn - Van cder VYaczls
Ilirces, n the contrary, the magnitude of the ionic-covalent Jorces snould tbe

wl7.1y orientetion deperndert since they are, particularly the covalent bonds, quite

= PR ~
irecticnal in rature.

Tecinique D, i resulting in a load dependent vebnavior for the achesion, secrves
Lo exclude hamojseneous surface electrostatic crorges Iram contrivuting signif icantly.
StuCy of the lowd Torce-adhesion relations can Give information as to which of the

ollers may ve primarily responsible.

Yeclinigue I, rarticularly iT a temperature dependence exists, can provide evidence
a3 o tie elastic-plastic processes acting and hence to the type of forces contri-
cuting To the achesicn. Technigues F and G also serve to provide auxiliary informa-

n telpful in diseriminating between the possible forces.

2.-.1 Cleevinz of Sazples
Litenpis nave teen nade to cleave those samples possessing rood to perfect cleavage

rizres in a manner so that no surface polishing would be required (this is highly

Gusirable os regards considerations of the nature of the surface layers). The



siuple device developed for doing this Is shown in Figure 2. It consists priner-
1ly of a bress cylinder into wiidch two holes have been drilled. The szaple is

Lied into ore of these holes, aligned so that Iracture will ccewr abt the proper
place and then clemped. A preclsion machired chisel is inserted in the other hole.
7o ovtain the cleavage Tracture the chisel is Tirst placed in coutact with the
sample and then Impacted. Dearly perfect fzces have teen obtalned with this

e. The few remaining imperfections, consisting of steps, are ouservable
only under high magnificetion (750x). It appears that with perfecticn of the
technicue through practice, faces of suitable flatness can be obtained without

roiishing.

ments made in tals study. Hence, great care must ve taken to avoid such contanira-
ion. /e nave developed a technigue which minimizes the problicm. This involves

Iirst applying a light etch to the surfaces. The etch is camposed of approximetely

)
@)
ot

Ve
¢}

¥y volure) nydrofluoric, 30) glacial acetic, and LO) fuming nitric acid, ard
nas vecn Tound elfective in removing all particles, as viewed at a ragnification
ol T5Cx. This is followed by waches with methanol followed by deionized water.
C..e szizles are then inserted onto a previously cleaned tube and baked for about
cre nour at 100°C. Unfortunately, in order to mount the samples in the vacuwm
Srsten some exptsure to the roam envirorment is necessary. It has been found,
rhowever, thet a lisht wipe of the sample faces with a chamois cloth, immediately
prior to closure cf tre vacuun system, is generally sufficient to remove any

Jresh contemiration.

- 10
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S 3 Toaperature Variation Systen

Wie sprouen for varying the sanple tenmperature in the achesion versus tenperature
experinments nes been built. It is shown in Tigure 3, and consists vasicelly of

tork, which is inserted irio the same vacuwnm chamber inset as are tne hih
reraivare neater and the electrazagnet (see Fipure i1). Various temperatures are

o.tuired by pusping particular fluids (1icuid ritrogen, refrigeraved acetcrne,

©

neated water ¢te.) throwh the tank. Heatips and cooling of the zanples is by
Y-

-on throush the chamber walls. Tempercture is ronitored TY ueans of

tiheormoccuples placed insicde the vecuwnm system.

2.5 Vibtraiion Problems and Their Resolutio:n

AS noted previously, vibrations passed to the samples fram the flccr have proven
T0 ve a problem. At the veginning of this program it was realized thab this
could cceour. lence, the vacuux syster was mounted on Lord Flateform 2C0-:-Ls
vioravicn Isclictors. Tests of this system, in air, showed no sample motion, and

N

L wec therelorc concluded no vidbration problems would be encountered. That this

bl

conclusion was errorecus was browcht out by the detection of appreciaole vitration
in voeaun. It eppears row that air damping of the microbalance systexm was sufs:-

cient Tao cbscure the vibration at etlzcsphieric pressure.

Sirce cdliesicon measurements are cazpramised by the presence of vibtration, it w2
cecided that the vibration isolaiion must be improved. The vibration - eccoustics
sersornel at Douglas were contacted. They then performed a detailed eualysis of

- [an 2t

re provlin.  The conclusiorns reached were:

&. oo omejor protlenm was due to low freguency vibrations, perticularly the vibra-

wlca cangonents in the horizontal direction. The vibration isoclators used diad

N
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not hove e sulliclently low natural frequeney to daxp these out, and were

particularly incflective for the horizontal components.

.
]
2]

Lere was no time during the week wvhen floor vibrotion was sulliclently low

A

.ot to pose a provlem.

>

c. The isolmition scystem natural frequency must be lowered to about 0.1 - 0.3 cps

d. G the various vivration isolation techniques available, the best for the
present situatlon is that which involves suspension of the system fram "soft"
sorings. Calculetions showed that the springs should be sufficierntly soft so

as to extend at least 20 inches when loacded.

Jetails of the studies leading to these conclusions are given 1n Appendix A. Che
chosern vibretion isolation system is shown in Figure L. It kas been constructed,

and tho vacuun system will be attached to it shortly.

3.0 TUTURY
SR

Sere altesicor. data have been obtained during this quarter. The nuerical velues
aired are rot, however, of high cuality. This 1s due primarily to the presence
o vitrations; also to the development of & vacuum system leak during the higa
temperature cutpgassing attempt. Both of these probloms appear to be resolved, so

it iz telieved trat reliable data will be obtained during the following quarter.

- 1L -
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v

The data to date are not swlicient Jor any definitive conclusions to be rczched.
I% loes appear, iowever, that a crystelline orientation dependence of the adhesion
vy have teen detected. IF such Is indced the case, it gives strong evidence ihat
the icnic-covalent binding forces are a2cting. She data taken at atmos
rressure and at 10-3 mm llg indicate wniform surface charging is not playinz a
signilicant role in the adhesion. However, cefinite conclusions in this recerd,
as well as to tie nature of the force, or cambination of forces, acting cannot be

made until more and vetter data are obtained.
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ror this reascn,

in a vacwuri.
very litvle if any vioration be presernc.
Plateform 2C0-Ti-L5 vioration

Jhe otlective of the vacuun adiiesion experiment is to measure the wihesion force
In order to ottain zFood measures of this force
igner frecuencies;

tetweer two specimerns
it is mancatory that
the experisental system had teen mowited ©

Taese were found to effectively 4
equencies (a few cps or so) werc still present.

<y

a Lor
e h

a

o3

mp out U

a4

*, one of the samples is suspended {rom the arm of a microvalance.
I,

~SC.avoTs.

Lewever, lower

.

“a
w3y

aina

d¢ that in vacuwm tals specimen, unfortunately, was acting as a pe
A laterel rendulur
al freguency

-
‘a

In the cxperime
b oy
P v ey

It was Toun
erplifying ground motions transmitied throush the test setup.
Srecuency of suout 0.75 cps was observed aleng with a "vounce" or ve
approximate analysis showed that the vertical nutural freguency
1

7 cps with a "rocking" natural

ol avocut 1.5 ¢cps. An

1he erntire experinent on its mounts was aboutr
of auvcut 2 cps, and nence tiut the natural frequency ol the vibravion
ror

of <
nct sufficiently low to provide adequate damping.

, the lateral natural frequency would have to be

1oTors reins used was
slation at C.75 cps.
lowerel to evcut 0.1 - C.3 cps by using perhaps softer isolators (air bags) or

riangs (or "oungees").
osis indicated ty the preliminary analysis, a vibraticn test
In edditi

da

v
>

Ll -
vCILGLl0
Sine T

&

u-“b

™
’_J

i Toc conlirm the disgnosi
wis sorlomned to measure thne natural {requencies of the system.
ocacurements of the anbient floor and system vibraticn levels (inclu
The tests indicated that the vertical natur

D et ey 2
IO Wo

-

icns) were conducted.
Jrecueney of the experiment on its mounts was actually about 9 cps and the lateral
In eddition it was found that high

Ircguency near 2 cps, avout as expected.



reguencies were absent in the system (the plateform mounts were worsing well in
this rospect) and that there was no time ai which the background noise level wes
sulliciently low not to be a proolem (the baclkground noise level was recorded at

ten minute intervals for a period of about 100 hours).

AT this point three possivle solutions to the problem were considered:
h ol P

1. TUtilize Seisric ass

It vas thoust tiat the use of a seismic mass, isolated Irom the building,

4
courd provide a more siable location for the experiment. The seismologzy
he California Institute of Technolozy was contacted to deter-
mine the regilred size ané type of seismic mass. They suggested that success-
Sul utilization of this approach would require data on the dynanmic properties
of the ground surrounding the wass and, as these data were not available,
suj;cested other approaches be attempted before resorting o a seismic mass.

2. Ze¢3im erd Install an Internal Magnetic Demper on the Pendulin

[T introduction of a magznetic field within the itest chamber would rnot disturd

[

rt, eddivion of a magnetic (eddy current) damper such as is used
3 &

ct
o
b
(2]
a1
8
by
Q

in Lensitive meter movezents and chemistry scales could provide the

necessary veduction in vibration amplitude. A preliminary design was ceveloped

5

but not used Lecause of gquestions regarding the effect of the induced magnetic

Tfield on the mcasurezents.

—osion of Lower Frequency Isolation System

L
.

“nis 1is the coproach that was eventually used and two types ol systcus were

ially considered--air-bazs and steel tension springs (stuffed with felt



e

1o provide ilhe reguired demping). The tensicn springs were selected cecause
tLey were less expensive and tecausc better data on their characteristics were

evailsble. A suspension sysicm e&s shown in Figure L is beingz utilized as it

provides very low lateral ratural frequency within a reasonable space.

Tie vertical netural frequency is given by:

m|§\

£ = 3.13

where U is the ctatic dellection (inches) under a 1 g load. Springs have been
scrected and Jabricaved oy the California Spring Company which externd 30 inches
under the rated load (cxtended length of 50 inches total) providing a vertical

- 7
navural Jregquency of less than 0.0 cps.

Tne lateral ratural frequency is that of & penduluz. The arm is “he 50 irch spring

Plus the distance from tlie spring attachmert to the c.g. (estimate 2C inches).

M=

=

+
]

1 = the length of tre arm (in.)

is the gravitation constant (386 in/sec
£

%}

C inch perndiluwn £ < C.4 cps and the resulving vibration of the speciren

siould ve considerably reduced fram its present value.

T2 AT Irames and tension springs are currerntly being asscmbled and will ve

crrzleted and evaluated early in Janwary.
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